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F i f t h  Quar te r ly  Report 
October 15, 1962 

DEVELOPMENT OF LOW TEMPERATURE DIELECTRIC COATINGS 

ELECTRICAL CONDUCTORS 
FOR 

, INTRODUCTION 

The development and eva lua t ion  of magnet and hook-up w i r e  wi th  s u p e r i o r  
p r o p e r t i e s  a t  cryogenic  temperatures have been descr ibed  i n  t h e  f o u r t h  
q u a r t e r l y  and f i n a l  r e p o r t  da ted  J u l y  16 ,  1962. 

The c o n t r a c t  ex tens ion  inc ludes  eva lua t ion  of t he  newly developed wires 
(with heavy polyvinyl  formal enamel, extruded polyvinylch lor ide ,  and e x t r u -  
ded po ly te t r a f luo re thy lene  as s o n t r o l s )  a t  gryogenic temperatures a f t e r  
thermal aging a t  250 C ,  a t  120 C and a t  120 C i n  vacuum. Exposure a t  h igh  
humidity i s  a l s o  t o  be included.  This r epor t  desc r ibes  progress  i n  s e t t i n g  I up these  aging programs. 

Contract  work inc ludes  also  t he  development of f l a t  r ibbon cable  f o r  
a p p l i c a t i o n  a t  cryogenic  temperatures and the  e lec t r ica l  eva lua t ion  of t he  
l i q u i d  cryogenic  gases as w e l l .  

SUMMARY AND CONCLUSIONS 
Wire Evaluat ion 

It i s  poss ib l e  t o  o b t a i n  ML coa tes  w i r e  from a t  least  two sources  
(General E l e c t r i c  and Phelps Dodge) wi th  e x c e l l e n t  f l e x i b i l i t y  a t  l i q u i d  helium 

I t e m p e r a t u r e .  Severa l  s a t i s f a c t o r y  samples  have obta ined  from General E lec t r ic -  
the  las t  wi th  only a s i n g l e  f a c t o r y  opera t ion  involv ing  mul t ip l e  passes 
through t h e  baking oven. The General E l e c t r i c  w i r e  w i l l  be used i n  t h e  aging 
program. A l l  of the  o t h e r  wires are i n  hand and most of t he  samples f o r  the  
aging programs have been prepared,  

I 

1 
E l e c t r i c  breakdown i n  l i q u i d  hydrogen has  been measured f o r  a v a r i e t y  of 

w i r e  i n s u l a t o r s  wi th  r e s u l t s  summarized i n  Table I .  The breakdown i n  l i q u i d  
hydrogen i s  comparable wi th  t h a t  i n  l i q u i d  n i t rogen  and gene ra l ly  h ighe r  than 
i n  l i q u i d  helium. 

Thermal Aging 

0 
Wire samples are being aged a t  250 C i n  a i r  and w i l l  be removed a f t e r  60 

and 120 days f o r  eva lua t ion .  
I 0 

F a c i l i t i e s  f o r  aging a t  120 C i n  vecuum have been completed and a s h o r t  
A vacuum of 10- t o r r  o r  somewhat b e t t e r  can be he ld .  t r i a l  run i s  underway. 

A s  soon as reliable,vacuum performance i s  assured both a i r  and vacuum aging of 
w i r e  samples a t  120 C w i l l  be s t a r t e d .  
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New Wire and Cable Construct ions 

A p a r a l l e l  conductor ,  f l a t  r ibbon cable  (obtained from NASA-Huntsville) 
both cracks and delaminates when bent repea ted ly  about a 1 / 2  inch  mandrel i n  
l i q u i d  helium but  does not  f a i l  over one-inch mandrel i f  stress r e l i e v e d .  
Since the  Mylar (Dupont's po lyes t e r  f i lm)  w a s  expected t o  have l imi t ed  co ld  
f l e x i b i l i t y ,  at tempts are being made t o  ob ta in  a similar r ibbon cab le  made 
w i t h  e i t h e r  po ly t e t r a f luo re thy lene  o r  more l i k e l y  wi th  polyf luore thylene  pro- 
pylene (FEP) fi%m. 

Arrangements are under way a l s o  wi th  the  Film Department of Dupont t o  
ob ta in  polyimide (H) f i l m  wi th  a coa t ing  of FEP r e s i n  from which p a r a l l e l e d  
conductor r ibbon cab le  can be made. 
s u p e r i o r  f l e x i b i l i t y  a t  cryogenic  temperatures and s t a b i l i t y  i n  l i q u i d  oxygen. 

Such a cons t ruc t ion  i s  expected t o  have 

For comparison Dupont w i l l  supply samples of w i r e  i n s u l a t e d  wi th  taped 
coa t ings  of polyimide (H) f i l m  bon'ded wi th  FEP r e s i n s .  

Evaluat ion of Cryogenic Liquids  

Completely redesigned equipment f o r  sphere gap breakdown i n  cryogenic  
l i q u i d s  has  been cons t ruc ted  (Sde Figs .  2 and 3 ) .  The new equipment has  a 
number of advantages but  most important w i l l  permit eva lua t ion  of very pure 
materials. 

The d i s s i p a t i o n  f a c t o r  and capac i tance  of the  l i q u i d  n i t rogen  and helium 
have been measured a t  several f requencies .  It i s  d i f f i c u l t  t o  account f o r  
dimensional changes. Consequently the  accuracy of t he  d i e l e c t r i c  cons tan t  
measurement i s  i n  ques t ion  but  compares q u i t e  w e l l  wi th  the  va lues  i n  the  
l i t e r a t u r e .  
i s  ind ica t ed  by the  constancy of the  d i e l e c t r i c  cons tan t  and the  very  low 
values  of d i s s i p a t i o n  f a c t o r .  

Absence of apprec iab le  p o l a r i z a t i o n  f o r  both n i t r o g e n  and helium 

It appears poss ib l e  t o  design s u i t a b l e  l i q u i d  c e l l s  f o r  the  accura te  
measurement of d i e l e c t r i c  cons tan t  a t  cryogenic temperatures  e 
expense involved does not  seem t o  be j u s t i f i e d  i n  t h i s  program. 

The cons iderable  

OBSERVATIONS AND SUMMARY OF TEST RESULTS 

Wire Evalua t ion  

F l e x i  b i  1 i t  y 

V a r i a b i l i t y  discovered i n  t h e  co ld  temperature f l e x i b i l i t y  of polyimide 
(Dupont ML) i n s u l a t e d  w i r e  r e s u l t e d  i n  s e v e r i l  a t tempts  t o  improve w i r e  q u a l i t y  
and uniformity.  By us ing  slower speeds and h ighe r  oven temperatures  the  GE 
wire s e c t i o n  i n  Schenectady, a f t e r  several t r ia ls ,  has  been ab le  t o  make 
s a t i s f a c t o r y  ML coated wire wi th  a s i n g l e  ope ra t ion ,  us ing  the  usua l  number of 
mul t ip l e  passes  through the  wire d i e s  and baking oven. 
been given extra  passes through the  baking oven i n  order  t o  o b t a i n  an adequate 
bake. The latest  sample does not  f a i l  under repea ted ,  reverse bends over  a 
1/8 inch  mandrel i n  l i q u i d  helium (see below). It i s  a l s o  more uniform i n  c o l o r .  

Previous samples had 
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Since a sample of l a r g e r  w i r e  wi th  T r i p l e  ML i n s u l a t i o n  from Phelps Dodge 
(Fort  Wayne) became a v a i l a b l e  i t  was eva lua ted  a l s o .  A s  a r e s u l t  heavy ML 
i n s u l a t e d  w i r e  was obtained a l s o  from Phelps Dodge which passed the  1/8 
mandrel t e s t .  It was l i g h t  and very  uniform i n  c o l o r .  A t r i p l e  ML coa t ing  i s  
a l s o  on o rde r  from Phelps Dodge but  no shipping promise can be obtained s i n c e  
i t  i s  a non-standard product .  

Since ML coa t ing  on copper performs so  w e l l  a t  cryogenic  temperature ,  
samples of f e l t e d  asbes tos  (without inorganic  b inder )  coa ted  wi th  ML polymer 
were obtained from the  GE Wire and Cable Department a t  Lowell, Mass. The 
ML polymer d i d  not  apprec iab ly  pene t r a t e  t he  asbes tos  and i n s t e a d  tended t o  
f i l m  on top. It tended t o  c rack  more r e a d i l y  than  the  f i l m  on copper but  
may not  have been baked t o  an optimum degree.  Although i n t e r e s t i n g ,  t h i s  
w i r e  i n s u l a t i o n  w i l l  not  be included i n  the  aging program. 

S u f f i c i e n t  samples of t he  t h r e e  cryogenic i n s u l a t i o n s  - heavy ML, 
heavy ML p lus  aluminum phosphate - f e l t e d  asbes tos  and aluminum phosphate - 
f e l t e d  asbes tos  are a v a i l a b l e  f o r  the  thermal aging programs and have been 
eva lua ted  as r epor t ed  previous ly .  New samples of heavy polyvinylformal 
(GE Formex) , extruded p o l y t e t r a f  luore thylene  (Surprenant)  and t h i n  w a l l  
extruded polyvinylch lor ide  (Surprenant) have been obtained t o  serve as c o n t r o l  
wires. The r ecen t  f l e x i b i l i t y  r e s u l t s  on these  as w e l l  as the  new develop- 
mental wires are included i n  the  t a b l e  below. 

Wire (#22) I n s u l a t i o n  Wall i n .  

Heavy Formex ,0012 
Extruded Teflon .012 
Heavy ML (GE-single opera t ion)  .0014 
T r i p l e  ML (ill6 wire-Phelps Dodge) .0010 

Heavy ML (Phelps Dodge) .OOL85 
Extruded PVC ( t h i n  wa l l )  .0045 
Fe l t ed  asbestos-MI, overcoat  .0050 

(without inorganic  b inder )  

Performance - 10 reversebends 
i n  Liquid Helium 

Fa i l ed  .Si", OK 3/4" mandrel 
Fa i l ed  3/4" mandrel 
OK - 1/8" mandrel 
OK mandrel - t oo  s t i f f  t o  be 
bent  about a 1/8" mandrel 
OK - 1/8" mandrel 
Fai  l e d  1 - 3 /4" mandre 1 ( s  i n g l e  bond) 
Asbestos,  i t s e l f ,  d id  not  separate 

s p a l l e d  o f f  on 1/8" mandrel and 
e x h i b i t e d  r a d i a l  c racks  on 1/4" 
mandrel bu t  was OK on mandrel. 

even on 1/8" mandrel. ML overcoat  

Electr ic  Breakdown 

I n  t h e  fou r th  and f i n a l  r e p o r t  da ted  J u l y  15, 1962, breakdown vo l t age  
i s  compared f o r  samples  i n  l i q u i d  n i t rogen ,  i n  l i q u i d  helium, and i n  vacuum 
a t  l i q u i d  helium temperature (Fig.  V I ) .  The low va lues  i n  l i q u i d  helium 
p a r t i c u l a r l y  f o r  space r  type i n s u l a t i o n s  l i k e  asbes tos  are a t t r i b u t e d  t o  the  
poor e l ec t r i ca l  breakdown of t he  l i q u i d  helium i t s e l f .  It i s ,  of course ,  
poss ib l e  t h a t  t h e  very low temperature might be involved.  
s i b i l i t y  and the  i n t e r e s t  i n  l i q u i d  hydrogen i t s e l f ,  breakdown measurements of 
NEMA twi s t ed  p a i r  samples immersed i n  l i q u i d  hydrogen have been made. 
r e s u l t s  a r e  compared wi th  the  previous r e s u l t s  i n  Table I. Addi t iona l  r e s u l t s  
f o r  some newer wire samples are included a l s o .  
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TABLE I. 

AVG. BREAKDOWN I N  VOLTS AT 60 CYCLES 

GAS - 
W I R E  INSULATION A I R  

f Tempe f a t u r a )  (296') 

Heavy Formex 5500 
1 1  (new spool )  - 

Heavy Alkanex 9230 

Heavy ML (Exp.#568) 10250 
(Com'l p lus  
2 rebakes ) 6330 

( s i n g l e  
ope ra t  ion)  1.1 I 1  - 

T r i p l e  ML (on #16 gauge - 
w i r e )  

Tef lon 6070 

Nylon (Fused Fiber)  3400 

Asbestos (p lus  phos-. 1000 
phate  binder)  

i r  (over HML) 5000 
5500 

i r  ( ' I  l' p l u s  
HML overcoat) 

LIQUID 

NITROGEN HYDROGEN HELIUM 

(77'K) (20°K) (4OK) 

8900 8200 6970 - - 8000 

9770 9430 8230 

9070 8970 7830 

6170 6800 6130 

9030 

- 11170 

- - 

7700 8230 6300 

4100 4700 3400 

3770 3270 2000 

7870 7330 5970 
8800 9770 3120 

VAC 

VACUUM 

(4OK) 

7830 - 

8270 

7530 

5780 

- 
- 

7400 

4300 

3470 

55 70 
7670 

It i s  apparent t h a t  t he  breakdown va lues  i n  l i q u i d  hydrogen are comparable 
t o  those i n  l i q u i d  n i t rogen  wi th in  t h e  v a r i a t i o n  t h a t  is expected f o r  such break- 
down c e s t s .  It: is i n t e r e s t i n g  t h a t  h igher  va lues  apparent ly  were not  obtained 
which migh; have been expected s i n c e  the  breakdown vo l t age  of l i q u i d  hydrogen was 
shown i n  the  e a r l i e r  work t o  be apprec iab ly  g r e a t e r  than t h a t  f o r  l i q u i d  n i t rogen .  

Aginq 

Wire i n s u l a t i o n s  f o r  t he  thermal aging program inc lude  the  following: 

Heavy ML (new G.E.) 
Phosphoasbestos impregnated, f e l t e d  asbes tos  
Above over heavy ML 
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Aging (Continued) 

For c o n t r o l  - Heavy Formex 
Extruded PTFE (Surprenant Teflon)  
Extruded PVC (Surprenant - Thin Wall) 

Samples f o r  e lec t r ic  breakdown, f l e x i b i l i t y ,  d i s s i p a t i o n  f a c t o r ,  capac i tance  
and i n s u l a t i o n  r e s i s t a n c e  have been prepared and are being aged a t  250 C .  
group of samples w i l l  be removed a f t e r  60 days and a second group a f t e r  120 
days. The p o s i t i o n  of the  samples i n  the  oven w i l l  be r o t a t e d  periodicaAly 
even though the  oven temperature i s  q u i t e  uniform (con t ro l l ed  w i t h i n  2 2 C) 
and adequate v e n t i l a t i o n  wi th  f r e s h  a i r  bleed i s  assured .  

One 

0 Vacuum f a c i l i t i e s  f o r  aging a t  120 C have been cons t ruc t ed  (see Photo- 
graphs 4 and 5 ) .  
a 3/4" p o r t  connected t o  the  vacuum system wi th  an "0" r i n g  compression coupl ing.  
A mechanical forepump i s  followed wi th  an a i r -cooled  d i f f u s i o n  pump t o  o b t a i n  
vacuum. 
i s  used as a t r a p  between t h e  samples and the  pump. The t r a p  i s  immersed i n  
5 f o o t  dewar conta in ing  s u f f i c i e n t  l i q u i d  n i t rogen  t o  1 - s t  over weekends and 
s h o r t  ho l idays .  A continuous vacuum of b e t t e r  than  lO-'torr exceeds the  con- 
t r a c t  requirement of t o n  but  does not  reach the  des i r ed  va lue  of t o r r .  
Considerable e f f o r t  has been expended i n  e f f o r t s  t o  reach t h e  b e t t e r  vacuum. 
A l l  p a r t s  of t h e  system have been checked s a t i s f a c t o r i l y  wi th  helium leak  
d e t e c t i o n  equipment. 
outgassing t o  some e x t e n t .  Vacuum consu l t an t s  are of t he  opinion t h a t  a l a r g e r  
d i f f u s i o n  pump would no t  he lp  unless  t h e  vacuum l i n e s  and p o r t s  were increased  
i n  s i z e .  

The samples are contained i n  6" diameter  pyrex tub ing  wi th  

A t h i n  w a l l ,  s t a i n l e s s  s teel  ''Ut' tube wi th  a copper tube a t  t h e  b o t t F  

The system has been c a r e f u l l y  washed and baked t o  overcome 

Such expense does no t  seem j u s t i f i e d .  

A t r i a l  run of some bu t  no t  a complete sample a r r a y  i s  i n  progress  t o  
prove out  t h e  vacuum system. The test w i l l  be concluded a f t e r  about 2 weeks i f  
s a t i s f a c t o r y  performance cont inues .  The f i n a l  vacuum run w i l l  then be s t a r t e d  
along wi th  samples  which w i l l  be aged i n  a i r  a t  the  same time. Arrangements 
are being made t o  shu t  down the  ovens au tomat ica l ly  i n  case of vacuum f a i l u r e  s o  
t h a t  t he  samples  i n  vacuum will not  be damaged i n  the  case of such f a i l u r e .  
Such ca re  i s  important s i n c e  cons iderable  time and expense i s  involved. 

New Wire and Cable Construct ions 

The c o n t r a c t  ex tens ion  inc ludes  a phase devoted t o  the  development of 
p a r a l l e l  conductor ,  f l a t  r ibbon c a b l e ,  t o  the  e x t e n t  t h a t  time and funds are 
a v a i l a b l e .  While the  main e f f o r t  i s  now being expended i n  the  aging s t u d i e s ,  
p repa ra t ion  f o r  development of cryogenic  f l a t  r ibbon cable  i s  being s t a r t e d .  A s  
a f i r s t  s t e p ,  a small sample of p o l y e s t e r  f i l m  (Dupont's Mylar) i n s u l a t e d  cab le  
(Methode Plyoduct PD812 P4 - 1 inch  wide; .012 i n .  t h i c k  - con ta ins  12 copper 
s t r i p s  which are 1 mm wide, .0055 i n .  t h i c k  and spaced 1 mm a p a r t ) ,  now under 
i n v e s t i g a t i o n  a t  the  George C .  Marshal l  Space F l i g h t  Center ,  Hun t sv i l l e ,  has  
been suppl ied  by the  con t r ac t ing  o f f i c e r .  
repea ted  f l e x i b i l i t y  wire test have been adapted t o  clamp the  r ibbon sample S O  
t h a t  i s  can be wound back and f o r t h  between them. I n  s o  doing it  i s  necessary 
t h a t  a f t e r  the  f i r s t  t u r n  the  r ibbon conductor must wind over i t s e l f .  It was 
found t h a t  f a i l u r e  w i l l  occur even on l a r g e  mandrels a t  t he  s p l i t  clamp a t  co ld  
temperatures un le s s  t he  samples are f i r s t  wound back and f o r t h  s e v e r a l  times a t  
room temperature .  I n i t i a l  s t r a i n s  appea r  t o  be removed i n  t h i s  way but t h e  
mechanism is  not  c lear .  

Mandrels l i k e  those  used f o r  t he  

-5- 



Tests have been made wi th  1 inch ,  f inch  and t inch  mandrels. I f  
stress re l i eved  as descr ibed  above no f a i l u r e  i s  obta ined  i n  l i q u i d  helium 
wi th  the  1 inch  mandrel. However, both delamtnat ion and cracking  occur 
wi th  the  t and .)i inch  mandrels (see Photo ill): - the  delaminat ion occurs f i r s t  
a f t e r  several bends. 

It was recognized a t  the  s ta r t  t h a t  Mylar has  l imi t ed  f l e x i b i l i t y  a t  
cryogenic  temperatures .  Attempts are being made t o  o b t a i n  from s e v e r a l  sources  
r ibbon cable  made wi th  polyf luore thylene  propylene (FEP Teflon)  f i lm .  These 
manufacturers are a l s o  being asked t o  supply samples of o t h e r  f i lms  which they 
may suggest .  These w i l l  be screened f o r  f l e x i b i l i t y  i n  l i q u i d  helium. 

Because the  new polyimide f i l m  (Dupont H f i lm)  is  known t o  have exce l -  
l e n t  f l e x i b i l i t y  a t  cryogenic  temperatures , e x c e l l e n t  s t a b i l i t y  i n  l i q u i d  oxygen 
(NASA tests) and s u p e r i o r  r e s i s t a n c e  t o  atomic r a d i a t i o n ,  i t  would appear t o  be 
an e x c e l l e n t  candida te .  H f i l m  i s  not  y e t  a v a i l a b l e  commercially (expected 
la te  1963) so  t h a t  arrangements are being made t o  supply f i l m  t o  one r ibbon 
cab le  manufacturer (not y e t  s e l e c t e d )  f o r  t r i a l .  These samples w i l l  inc lude  some 
coated on one s i d e  w i t h  a th in ,FEP f i l m  t o  provide bonding between f i l m s  and 
t h e  encased p a r a l l e l  conductors.  However, o t h e r  bonding techniques f o r  t he  H 
f i l m  w i l l  be t r i e d  a l s o .  

Samples of round hook-up w i r e  have a l ready  been made us ing  H f i l m  
taped over t h e  conductor i n  several ways and bonded w i t h  FEP f i l m  by hea t -  
s e a l i n g  techniques.  Samples of such wires are being suppl ied  by the  Dupont CO. 
I n  t h i s  way it s i l l  be poss ib l e  t o  compare r ibbon wi th  wrapped, round w i r e  
cons t ruc t ion .  
a t e d  e a r l y  i n  t h e  program and found t o  have l imi t ed  f l e x i b i l i t y .  The r e s u l t s  
with Mylar r ibbon cable  i n d i c a t e  t h a t  it i s  s u p e r i o r  t o  round w i r e  and t h a t  the  
r ibbon conductors may be p a r t i c u l a r l y  s u i t a b l e  f o r  cryogenic  use.  

It should be noted t h a t  po lyes t e r  (Mylar) wrapped w i r e  was eva lu-  

Evalua t ion  of Cryogenic Liquids  

E c c e n t r i c i t y  of t he  spheres  i n  the  device used i n  ear l ier  work t o  o b t a i n  
breakdown i n  cryogenic  l i q u i d  is bel ieved  t o  have caused e r r o r s  i n  some cases, 
p a r t i c u l a r l y  wi th  s m a l l  sp r ings  between the  spheres .  T.J .  Lewis a t  Queen Mary 
College,  London, England, has found t h a t  impur i t i e s  a f f e c t  t he  impulse break- 
down vo l t age  of l i q u i d  argon and n i t rogen .  It i s  probable t h a t  s o l i d  p a r t i c l e s  
of oxygen and n i t r o g e n  (from air)  d i spe r sed  i n  l i q u i d  helium (and hydrogen) 
may adverse ly  a f f e c t  t he  breakdown va lues .  The r e l a t 5 v e l y  h igh  va lues  of t he  
d i e l e c t r i c  cons t an t s  f o r  s o l i d  a i r  p a r t i c l e s  as compared t o  l i q u i d  helium may 
be important i n  t h i s  r e spec t .  For p r a c t i c a l  as w e l l  as t h e o r e t i c a l  reasons i t  
seems w i s e  t o  i n v e s t i g a t e  the e f f e c t  of impur i t i e s  i n  e lectr ic  breakdown. 

I n  cmsequence,  new sphere-gap breakdown equipment shown i n  Photos 2 and 3 

The i n n e r  chamber can be evacuated and 
(a) 

has been cons t ruc ted .  The new device has  several advantageous f e a t u r e s .  

a pure gas can be admit ted under the  vacuum so t h a t  impur i t i e s  
can be avoided. The pure gas can then  be l i q u i f i e d  i n  p lace .  

(b) Temperature c o n t r o l  
produced by us ing  a 

(c) The device has  been 

can be a t t a i n e d  and r e l a t i v e l y  low temperatures  
vacuum i n  the  o u t e r  chamber. 

designed t o  accommodate s t anda rd  c r y o s t a t  headers .  

- 6 -  
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( d )  

(e) 

( f )  Breakdowns can be observed v i s u a l l y  from t h e  ou t s ide  through the  

The advantages of the  previous device have been r e t a ined  - s t e k l  
b a l l  bear ings he ld  by magnets, e t c .  

The mechanical support  has been designed t o  decrease e c c e n t r i c i t y  as 
micrometer adjustments are made from the  top  (ou t s ide ) .  

g l a s s  envelopes.  

A s  soon as poss ib l e  new measurements w i l l  be made p a r t i c u l a r l y  on super-cooled 
l i q u i d  helium i n  an at tempt  t o  determine i f  the  low breakdown vo l t age  measured 
ea r l i e r  i s  i n t r i n s i c  o r  a r e s u l t  of impur i t i e s ,  b o i l i n g ,  e t c .  

I n  the  l a s t  q u a r t e r ,  capac i tance  and d i s s i p a t i o n  f a c t o r  measurements have 
been made on l i q u i d  helium and n i t rogen .  I n  the  f i r s t  measurements a s i m p l e  
unguarded, concent r ic  s t a i n l e s s  steel  c y l i n d r i c a l  c e l l  was used. Measurements 
w e r e  made j u s t  above and i n  the  l i q u i d .  Unfortunately the  l o s s e s  and the  
capac i tance  of the  Teflon i n s u l a t i o n  between the  cy l inde r s  seems t o  have con- 
t r i b u t e d  e r r o r ,  p a r t i c u l a r l y  t o  the  d i s s i p a t i o n  f a c t o r  r e s u l t s .  Consequently a 
a Berberich type ,  guarded cup c e l l  has been used. I n  t h i s  case  the  capac i tance  
measurement i n  the  gas cannot be guaranteed because condensation t o  l i q u i d  may 
have occurred i n  t h e  c e l l  before  it w a s  f i n a l l y  immersed. The va lues  of d i s s i p -  
a t i o n  f a c t o r  should,  however, be accura te  even though the  br idge  (Wayne-Kerr) 
s e n s i t i v i t y  i s  not  e n t i r e l y  adequate.  A new General Radio t ransformer r a t i o -  
arm br idge  i s  expected t o  be de l ive red  very soon, 
i s  cons iderably  g r e a t e r  and should permit such measurements w i th  g r e a t e r  p r e c i s i o n  

The s e n s i t i v i t y  of t h i s  br idge  

Resul t s  are given i n  Table 11. 

It i s  i n t e r e s t i n g  t h a t  as expected t h e o r e t i c a l l y ,  no absorp t ion  e f f e c t s  
are no t i ced  a t  least over t h e  l imi t ed  frequency range used. I n  view of t h e  
recognized inaccurac i e s ,  t he  d i e l e c t r i c  cons tan t  va lues  check the  l i t e r a t u r e  
va lues  q u i t e  w e l l .  S u r p r i s i n g l y  no l i t e r a t u r e  re ference  t o  d i e l e c t r i c  l o s s  
has  been discovered which makes these  measurements p a r t i c u l a r l y  important .  

PROGRAM FOR OCTOBER AND THE SIXTH QUARTER 

I n  October the  work o u t l i n e d  i n  t h i s  r epor t  w i l l  cont inue .  By the  end 
of theoSix th  q u a r t e r  i t  is expected t h a t  most of t he  eva lua t ions  a f t e r  aging 
a t  250 C w i l l  have been completed. Some of t he  eva lua t ion  of samples aged 
a t  120 i n  both a i r  and vacuum should be underway. 

Some cons ide ra t i an  has a l ready  been given t o  methods f o r  determining 
"crush" r e s i s t a n c e  of i n s u l a t e d  wires a t  cryogenic temperatures .  By the  end of 
t he  next  q u a r t e r  a method should be f i n a l i z e d .  

Considerat ion of r ibbon cable  and d i e l e c t r i c  tests on cryogenic  l i q u i d s  
w i l l  cont inue .  
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Table I1 

Fr  eque nc y 
cps 

100 

1000 

10000 

20000 

L i t e r a t u r e  Value 
1 megacycle ? 

Die lec t r i c  
Constant 

1.040 1.046 

1.040 1.048 

1.040 1.046 

1.040 1.017 
* 

1.048 

D i s s i p a t i o n  
Fac tor  

.00755 .0053 * * --- - - -  
,00295 a 00232 

.00373 .00400 

Not given 

* 
I n  obvious e r r o r  

(1) With unguarded c y l i n d r i c a l  e l e c t r o d e s  

(2) With guarded "Berberich" type ce l l .  

Note: The above va lues  are considered t o  be r e p r e s e n t a t i v e  but  undetermined 

small  e r r o r s  are suspected t o  ex is t  because of d i f f i c u l t i e s  i n  measure- 

ment of s m a l l  va lues  a t  t h e  end of long l e a d s ,  e tc .  
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@ 1181 256 ADJUSTABLE SPHERE-GAP BREAKDOWN DEVICE FOR TESTING GASES OR L l Q U l F l E D  GASES. 
(PHOTO 2) (CUST. APP. REP.) E369.9 9-25-62 

- 





1181 258 SPHERE-GAP CONSTRUCTION OF BREAKDOWN DEVICE SHOWING MAGNETIC SUPPORTS FOR STEEL 
SPHERES I N  ONE-PIECE FLUOROSINT HOLDER. (PHOTO 3) (CUST. APP. REQ.) 
E369.9 9-25-62 
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1181 359 VACUUM THERMAL AGING EQUIPMENT FOR W I R E  TEST. (PHOTO 4) (CUST. APP. REQ.) 

E369.4 10-5-62 
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